Background: Electromagnetic hypersensitivity refers to health effects attributed to electromagnetic fields (EMF) exposure and has been formally named "idiopathic environmental intolerance attributed to electromagnetic fields" (IEI-EMF) by the World Health Organization. Because of the growing use of cell phones, IEI-EMF has become a global public health concern. A survey in 2007 in Taiwan showed that the prevalence rate of IEI-EMF was 13.3%, which is higher than rates in studies conducted previously. The survey also found that the rate was higher in women. Methods: To evaluate whether the prevalence rate of IEI-EMF is increasing and to verify the higher risk in women, we conducted a nationwide questionnaire survey using the same methods as the 2007 survey to assess the change in the prevalence rate of IEI-EMF in Taiwan. We also conducted a review of the literature and a meta-analysis to evaluate the changes in the prevalence rate around the world. Results: On the basis of the representative sample of 3303 participants, we found that the prevalence rate of IEI-EMF in Taiwan declined from 13.3% to 4.6% over a period of 5 years. The literature review also found the prevalence rates in other countries to be decreasing, instead of increasing as predicted previously. The meta-analysis of the data from the literature showed that women are more likely to have IEI-EMF than men, with an odds ratio of 1.19 (95% confidence interval: 1.01-1.40). Conclusions: We found the prevalence rate of IEI-EMF has been declining, instead of increasing as predicted previously. Women are more likely to report having IEI-EMF than men. Further studies to explore the causes leading to the declines may help the public, scientific community, and government deal with idiopathic intolerance to other environmental exposures.
electromagnetic fields" (IEI-EMF) to denote the symptoms attributed to EMF [5] . IEI-EMF remains primarily as a cluster of self-reported sensitive symptoms without clear clinical diagnostic benchmarks or a clear case definition, Neither in vivo nor in vitro studies have been able to establish the mechanism. Neither dosage nor exposure duration of EMF has been shown to be correlated with the reported symptoms [6] [7] [8] [9] [10] [11] .
As IEI-EMF constitutes a worldwide public health issue, its prevalence rate has been investigated globally. It was reported in 1998 as 3.2% in California [12] and in 2004 as 5% in Switzerland [13] . A survey in Taiwan in 2007 showed that the prevalence rate was 13.3% [14] , much higher than those reported in other countries. An increasing trend was also observed in some other countries. In Sweden, the prevalence rate was reported as 1.5% in 1997 [15] and grew to 2.6%-3.2% in 2001 [16, 17] . In Austria, it was reported as 2% in 1994 [18] and reached 3.5% in 2008 [19] . A review of literature in 2006 found an increasing global trend and predicted the rate is likely to reach 50% in 2017 globally [20] . If so, the impact on public health would be enormous. However, the most recent data included by the review were from as early as 2004, and the prediction was based on the assumption that the prevalence would preserve the same increasing trend. The 2007 Taiwanese survey also found a higher prevalence rate in women, but studies on this issue are limited [21] [22] [23] . To evaluate whether the prevalence of IEI-EMF is increasing, we conducted a survey in Taiwan using the same methods as those in the 2007 survey [14] and performed a meta-analysis to assess the global time trend in the prevalence rate. We also conducted a review of the literature on the difference in the risk between the two sexes.
Methods

Questionnaire survey
To assess the change in the prevalence rate of IEI-EMF in Taiwan, we conducted a nationwide telephone survey using the same method as in the 2007 survey [14] . The 2007 survey was targeted at the households equipped with a telephone. The participants were randomly selected from the phonebook of Chunghwa Telecom, which is the only wire telephone provider in Taiwan, using the Computer-Assisted Telephone Interviewing System (WinCATI 2000, Sawtooth Technologies) [24] . To ensure that the sample was representative, the survey applied a two-stage, geographically stratified systematic sampling scheme. Households were randomly selected from each of the 25 geographical areas of Taiwan according to proportional population size, and a respondent above 18 years of age was enrolled from each household. We divided the administration districts in Taiwan into the northern, middle, and southern regions. All three regions have similar population sizes. The target sample size was set to obtain about the same number of participants with IEI-EMF as in the 2007 survey (170) in each region. As an increase in the prevalence was predicted, we used the upper bound of the 95% confidence interval (95%CI) of the estimated prevalence in the 2007 survey (15.3%) to estimate the target sample size (170 ÷ 15.3% = 1111) and then rounded off the number to 1100.
The interview consisted of questions regarding demographic variables, presence of catastrophic illness, selfreported health conditions, risk perception of various environmental agents, impairment of daily activities, and medical resource utilization. Self-perceived health status was evaluated with a five-point Likert scale. The EMF sources listed include mobile phone base stations, mobile phones, electric towers, and high voltage cables. IEI-EMF was identified by the question "While being near EMF sources such as mobile phone, electrical devices, or computer, do you feel allergic or sensitive?" The survey reached 5643 households, and 1251 individuals completed the interview.
Telephone interviews were conducted at the Survey and Statistics Research Center, Department of Statistics, National Cheng Kung University between December 2012 and March 2013. As in the 2007 survey, outlying islands including Lienchiang and Kinmen Counties of the Fukien Province were not included. We used the same questionnaire as the one used in the 2007 survey [14] , and the response rate was 23.6%, which was compatible to the 22.2% response rate in the 2007 survey.
The study protocol was reviewed and approved by a Grant Review Committee of the Environmental Protection Administration of the Taiwanese government, and participation of human subjects did not occur until after informed consent was obtained.
Literature review and meta-analysis
With the keywords "electro hypersensitivity," "EHS," "idiopathic environmental intolerance," "IEI-EMF," "prevalence," "electromagnetic field," "base station," "mobile phone," and "cellular phone," we conducted a systematic search of literature using databases including PubMed, ISI Web of Knowledge, and Google Scholar to identify human epidemiology studies on the prevalence rate of IEI-EMF. From a same study, only one article was included. A total of 15 qualified articles were identified [12-15, 19, 22, 23, 25-32] , and 3 more reports with relevant data were identified from the references cited in those articles [22, 23, 28] ; all of them were published before 2014. We extracted all the data available from each study to perform metaanalyses.
Statistical analysis
To compare with the results of the 2007 survey, we used the population at the end of 2007 in Taiwan as the reference population to adjust for age, sex, and education [33] . Weighted prevalence rates and their confidence intervals were calculated using the SVYTABLE command of the survey package [34] of R (Version 3.3.2) [35] . Odds ratios (ORs) and their confidence interval associated with the predictor variables were obtained by using the command SVYGLM for weighted logistic regressions. We applied the Breslow-Day test to evaluate the homogeneity of the ORs between the current study and the 2007 study.
We also conducted a meta-analysis of the prevalence of IEI-EMF using R's Metafor package [36] . We evaluated the between-study heterogeneity using the Ι 2 statistic. Considering the diversity of the population in different countries and differences in the investigation methods, we adopted the random effect model to estimate the effect size. All statistical tests were performed at a two-tailed significant level of 0.05.
Results
Among the 3303 telephone-interviewed participants, 155 reported IEI-EMF, yielding a prevalence rate of 4.7% (Table 1) . Females comprised the majority (62.6%) of the IEI-EMF sufferers. The IEI-EMF and non-IEI-EMF groups had similar distributions in all the variables studied, except that IEI-EMF sufferers were more likely to report impairment in daily life (23.9% vs. 11.4%, p = 0.02) ( Table 1) .
To compare the results of our survey with those of the 2007 survey, we adjusted the IEI-EMF prevalence rate for sex, education level, and age according to the demographic data in 2007 reported by the government.
In the current study, the weighted prevalence rate was 4.6% (95%CI: 4.0%-5.4%) ( Table 1 ). In comparison with the general population, higher proportions of IEI-EMF sufferers had perceived their health status as "very poor" (8.5% vs. 1.6%, p < 0.001) and reported impairment in daily activities (24.6% vs. 12.6%, p < 0.001).
Logistic regressions showed that after adjusting for other factors, males had a lower prevalence rate of IEI-EMF, with an adjusted odds ratio (OR) of 0.81, but the difference was not statistically significant (95%CI: 0.58-1.13) ( Table 2) . A decreasing trend in the prevalence Table 1 Demographic data and other characteristics of participants with and without idiopathic environmental intolerance attributed to electromagnetic fields (IEI-EMF)
Weighted % (95% confidence interval) (Table 3) , when the same weights were applied according to age, sex, and education level, our survey did not find a lower risk of IEI-EMF in participants ≥65 years of age. Likewise, we did not find a higher risk of being unable to work in participants with IEI-EMF. However, we found a higher risk of reporting impairment in daily activities (adjusted OR = 2.17, 95%CI: 1.24-3.78) that had not been found significant in the 2007 survey. When we applied tests for homogenicity to determine differences in the results between our survey and the 2007 survey, we found the ORs associated with sex were different between the two surveys (p = 0.03 for test for homogennecity) ( Table 3) . ORs associated with other factors such as age, percevived health status, impariment in daily activities, education level, and employment status were similar between the two surveys.
The prevalence rate of IEI-EMF in Taiwan has not increased since 2007. Instead, we observed a remarkable decrease from 13.3% to 4.6% after adjusting for sex, age, and education level (p < 0.001).
After a search of the literature on the prevalence of IEI-EMF (Fig. 1) , we obtained data on nine countries (Fig. 2) ( Table 4 ). Overall, there was an increasing trend in the prevalence after the first report in 1994, but recently, the prevalence seemed to be in decline. Specifically, prevalence rates in all the three countries with more than one estimate after 2006 in our meta-analysis had declined: from 13.3% in 2007 to 4.6% in 2013 in Taiwan, from 7.0% in 2009 [29] to 3.5% in 2011 [31] in the Netherlands, and from 10.0% in 2009 [22] to 7.0% in 2013 [22] in Germany (Fig. 2) . The meta-analysis yielded an estimated overall prevalence rate of 6.0% (95%CI: 5.0%-8.0%), but the results were determined as heterogeneous (p < 0.01 for test for homogenicity) (Fig. 3) . Our meta-analysis also showed that women were more likely to report IEI-EMF than men, with an summary OR of 1.20 (95%CI: 1.03-1.41) ( Fig. 4) , but the results among those studies were determined to be heterogeneous (p < 0.001 for test for homogenicity). As the test for homogenicity was statistically significant, a random effect model was applied to obtain the pooled prevalence. Our survey results agree with those in most previous studies that females have a slightly higher prevalence of IEI-EMF [13, 15] .
Discussion
Our study found that the global IEI-EMF prevalence rate has declined in recent years, not increased as predicted by Hallberg and Oberfeld [20] . They collected 17 estimates of the prevalence rates from 1985 to 2004 in seven countries and plotted them over time in a normal distribution diagram, which showed that the prevalence rate would be 50% in 2017. The prediction was based on the assumption that the trend over time will not change direction, and it is proven wrong by the data collected in our study, which extended the data collection to 2013 and observed a change in the direction around 2007. It is true though that there was a consistent increasing trend during the study period of Hallberg and Oberfeld. In our study, three countries had more than one estimate after 2007 (Taiwan, Germany, and the Netherland), and all of them showed a declining trend over time. Among the three countries, two were not included by Hallberg and Oberfeld. Nonetheless, even in Germany, which was covered by their study, there was a decline in the prevalence rate from 2009 to 2013. Scientific evidence bridging EMF and IEI-EMF symptoms has been scarce [1, 11, 37] . Many double-blind provocation studies have been conducted to determine whether people with IEI-EMF can detect the existence of EMF and whether EMF is the cause of their symptoms. However, the results indicated that IEI-EMF sufferers are unable to precisely detect the existence of EMF and that short-term exposure to EMF cannot provoke the IEI-EMF symptoms [6] . Although some believe that the level of environmental EMF exposure is associated with the prevalence of IEI-EMF, a study in European cities found that while the environmental EMF exposure was increasing annually, the EHS prevalence rate was declining [38] . Since we applied the same method as used in the 2007 survey, we could assess the changes in the prevalence of IEI-EMF over time, which has rarely been achieved. Although our study and the survey in 2007 were both nationwide telephone interviews, a strength of our study is that the number of participants was nearly triple the number as in the 2007 survey (3303 vs. 1197). In both surveys, women had a higher prevalence than men, and the respondents reporting IEI-EMF were mainly in the age range of 35 to 64 years, around 70% of all participants. Our study found a higher prevalence of reporting impairment in daily activities by respondents with IEI-EMF (adjusted OR = 2.17, 95%CI: 1.24-3.78), which was not observed in the 2007 survey (adjusted OR = 1.3, 95%CI: 0.8-2.1). However, the proportion of respondents with IEI-EMF who reported being unable to work was 3.9% in our study, much less than the 20% proportion in the 2007 survey. In fact, while the 2007 survey reported that the IEI-EMF group had a higher risk of being unable to work (adjusted OR = 1.8, 95%CI: 1.1-3.2), we did not observe such an increased risk in our survey (adjusted OR = 0.9, 95%CI: 0.3-2.5). The question to inquire participants if their health status contributing to the impairment in daily activities was not classified into more detail items, such as impairment in walking, dressing, writing, reading, and so on. Therefore, the severity of impairment in daily activities cannot be mirrored to the work ability. In addition, although the risk of IEI-EMF sufferers in our study who reported their health status as very poor (adjusted OR = 5.4, 95%CI: 1.4-20.6) was higher than that in the 2007 survey (adjusted OR = 4.9, 95%CI: 1.6-15.2), the differences between the two surveys did not reach statistical significance. It is possible that very serious IEI-EMF sufferers could not be contacted by our telephone interviews, and consequently, the prevalence rate could be underestimated. However, this should have occured in both surveys and is unlikley to account for the large difference in the prevalence rates. The phonebook of Chunghwa Telecom does not include mobile phones, and therefore our survey might over-estimate the prevalence rate because sufferers of IEI-EMF are less likely to use mobile phones and thus more likely to subscribe landline phones due to the fear of EMF. Since the 2007 survey also used the phonebook and we observed a decrease instead of an increase, our conclusion of a decreasing trend should still hold even if the sample was biased.
Media reports affecting public awareness may partly explain the trend. The media reports on IEI-EMF have focused on precaution and could influence reader's perception, even in lack of scientific evidence [39] [40] [41] . When the media pays less attention to IEI-EMF, the number people attributing their discomfort to EMF may decrease. For example, a study in the Netherlands found [29] to 3.5% in 2011 [31] was observed (Fig. 2 ). An alternative explanation for the declining trend is the effects of efforts in managing the public fear of EMF. Beginning with the early reports of IEI-EMF symptoms observed in the 1930s, public health workers have made efforts to verify the causality of EMF exposure to IEI-EMF and to alleviate the tense conflict among the government, general public, scientific community, and industries by setting EMF exposure guidelines and monitoring envionmental EMF [42] . The WHO has compiled many fact sheets, and therefore public knowledge of environmental EMF exposure might have been altered by various efforts in the world.
The declining IEI-EMF prevalence trend might also be attributed to the public's concern having been turned to other environmental issues such as particulates in the air. Furthermore, it is also possible that humans may develop tolerance of EMF after a period of exposure. A double Fig. 2 Prevalence rates (%) of idiopathic environmental intolerance attributed to electromagnetic fields around the world. The 1994 data from Austria were reported by Schröttner and Leitgeb (2008) , but the actual raw data are unavailable from the references cited in the paper [19] . Therefore, we presented the 2% prevalence rate with a hollow circle blind crossover study that investigated the potential effects of mobile phone-like RF-EMF on pain threshold perception in response to thermal stumli observed a reduced desensitization effect between repeated stimulations [43] .
Our study showed that women had a higher prevalence of IEI-EMF and constituted 63.6% of the sufferers, and this is consistent with findings in previous studies. For example, Schreier et al. [13] conducted a questionnaire survey in Switzerland and found the proportion to be 54.5%, and Röösli et al. [28] conducted another survey in Switzerland and found the proportion to be 72.3%. In addition, women were found to have a lower perception threshold than men in detecting a 50-Hz electric current [44] . Our meta-analysis also showed that women are more likely to report IEI-EMF than men. Some reserachers believe that women are emotionally more sensitive than men and thus are likely to misattribute their idiopathic symptoms to the exposure of EMF [29, 45] . Women supposedly stay indoors for longer than men because of the nature of their work. Stratifed analysis of job contents between men and women could probably test the hypothesis of static daily activity being correlated with IEI-EMF for further study. An alternative explanation of this finding might be the masculine gender role discourages the expression of pain.
Conclusions
We found that the prevalence of IEI-EMF has declined remarkably in Taiwan and that the prevalence also seems to be declining globally. Women are more likely to report having IEI-EMF than men. Further studies of the reasons why the prevalence declines may help the public, scientific community, and government deal with idiopathic intorance to other environmental exposures. 
